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2012 Tasks/SAGs"
•! SAG1: Science Goals, Objectives, Requirements for Cosmic 

Origins missions. Where are science thresholds and how do 
they link with Probe vs. Flagship class and aperture size?"

•! SAG2: Determine technology focus areas for a monolithic 4m 
Aperture UV/Optical/NIR mission with Internal Coronograph 
for Exoplanet Imaging"

•! SAG3: Determine technology focus areas for a segmented 8 m 
Aperture UV/Optical/NIR mission with External Occulter for 
Exoplanet Imaging"

•! SAG4: Determine technology focus areas for future Far IR 
Instruments"

•! SAG5:  What is the scientific case for a set of linked probes 
and corresponding technology requirements? "
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COPAG Activities 2011- 2012"
•! Draft Technology Assessment ! ApS (Oct 19, 2011)"
•! Winter community workshop – Jan 8, 2012 – AAS 

Austin"

•! Attending PhysPAG meeting DC Aug 14, 2012"
•! Supporting NASA Cosmic Origins Program Office 

Science RFI Process "
•! Workshop at StScI 21 Sept 2012: UVO RFI, Cosmic 

Origins Science Objectives, Probes"
"
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2. Developing a Single, Coherent 
Science Story"



? 
Cosmogony 

Following the flow of matter from the Cosmic Web to Planets!
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IGM"

IGM (!~1-100)"
"
•! Where are the baryons?!
•! How does gas flow from the IGM to the CGM to 

galaxies?!
•! How is the IGM affected by the evolution of 

galaxies and massive black holes over time?!
•! Does the IGM trace dark matter?!

Cosmogony !
Following the flow of "
Baryons from the "
Cosmic Web to Planets!



Cosmogony !
Following the flow of "
Baryons from the "
Cosmic Web to Planets!

IGM"

CGM"

CGM (!~102-104)"
"
•! What are the flows of matter and energy in the 

circumgalactic medium? !
•! How do baryons cycle in and out of galaxies?!
•! What is in the circum-galactic medium?!
•! How are galaxies fed? How do galaxies acquire 

their gas across cosmic time?!
•! How does galaxy feedback work?!
•! How are the chemical elements dispersed & 

distributed in the circumgalactic & intergalactic 
media?!

•! Where are the baryons?!



IGM"

CGM"

Galaxies (!~104-108)"
•! How do galaxies build up their stellar component over cosmic time? 
•! What processes regulate the conversion of gas into stars inside galaxies?  
•! How are the chemical elements dispersed and distributed in galaxies? 
•! What is the fossil record of galaxy assembly over cosmic time? 

Cosmogony !
Following the flow of "
Baryons from the "
Cosmic Web to Planets!

Galaxies"



IGM"

CGM"

Galaxies"

SF Clusters"

Clusters/GMCs (!~108-1010)"
•! How do stars form? 
•! How does gas flow into  and 

control star formation? 
•! How does feedback control star 

formation? 

Cosmogony !
Following the flow of "
Baryons from the "
Cosmic Web to Planets!



Cosmogony !
Following the flow of "
Baryons from the "
Cosmic Web to Planets!

IGM"

CGM"

Galaxies"

Massive Black Hole"

Central Black Holes 
(!~1029)"
•! How do black holes grow, 

radiate, and influence 
their surroundings? 

•! How does a black hole 
shape the evolution of 
cosmic structure? 

SF Clusters"SF Clusters"



IGM"

CGM"

Galaxies"

SF Clusters"

Protostars/PPDs/Young Stars 
(!~1016-1019)"
•! How do circumstellar disks form and 

evolve?!
•! How do disks form planets?!

PPDs"

Cosmogony !
Following the flow of "
Baryons from the "
Cosmic Web to Planets!

Massive Black Hole"



IGM"

CGM"

Galaxies"

Planets (!~1024)"
•! Do habitable worlds exist 

around other stars? 
•! Can we identigy the telltale 

signs of life on an exoplanet? 

PPDs"
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Science Goals"
•! Goal 1: Characterize the growth of large-scale baryonic 

structures in the intergalactic medium "

•! Goal 2: Observe and explain the assembly of galaxies over 
cosmic time "

•! Goal 3: Trace and understand the flows of baryons between 
galaxies and the intergalactic medium "

•! Goal 4: Trace and understand the cycles of matter and 
energy within galaxies "

•! Goal 5: Measure and explain the history of star formation in 
galaxies over time "

•! Goal 6: Determine how the conditions for habitability arise 
during planetary system formation "
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3. Translating This into Science 
Measurement Objectives & 
Technology Requirements"



Science Measurement Objectives"
•! Objective 1: Characterize the spatial distribution of IGM absorption lines using 

background QSOs and galaxies through high resolution UV spectroscopy "

•! Objective 2: High angular resolution UVO imaging and imaging spectroscopy of 
forming galaxies and galaxy systems "

•! Objective 3: High angular resolution photometry of individual stars in a 
representative sample of galaxies "

•! Objective 4: UV Imaging spectroscopy of star formation regions, galaxies, CGM 
and IGM "

•! Objective 5: Multiobject UV spectroscopy of galaxies, CGM, CQM "
•! Objective 6: Wide field UV/optical photometry of star formation regions in 

nearby galaxies "

•! Objective 7: UV/optical imaging spectroscopy of protostars and Protoplanetary 
disks "

•! Objective 8: Far IR/sub-mm imaging and spectroscopy of forming galaxies "
•! Objective 9: Far IR/sub-mm imaging and spectroscopy of star formation regions "
•! Objective 10: Far IR/sub-mm imaging interferometric spectroscopy of SFRs, 

protostars, PPDs "
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UV Detector 
Property 

UV High 
Resolution/High 

Contrast 
Imaging!

UV Wide 
Field Imaging!

UV High 
Resolution 

Spectroscopy!
UV Multi-

Object 
Spectroscopy!

UV Integral 
Field 

Spectroscopy!
Current 

Performance!

QE! Moderate! Moderate! High- 
Very High! High! High- 

Very High!
Low-Very 

Low!
Format: 
Number of 
Pixels!

Very High! Very High! High-Very 
High!

High-Very 
High!

High-Very 
High! High!

Photon-
counting! XX! X! XXX! XX! XXX! YES!
Equivalent 
background! Low! Moderate! Very Low! Low-Very 

Low! Very Low! Moderate!
Dynamic 
Range! High! High! Moderate! Moderate! Moderate! Moderate!
Radiation 
Tolerance! Moderate! Moderate! Moderate! Moderate! Moderate! High!
Time 
Resolution! Low! Low! Low! Low! Low! High!
Out of Band 
Rejection! High! High! Moderate! Moderate! Moderate! High!
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Technology Figures of Merit"
•! 1. Current and projected (2020, assuming funding as specified below) 

performance. "
–! e.g., for detectors: QE vs. wavelength, internal/dark noise, photon-counting capability, 

number of pixels/formats/scaleability, energy resolution, dynamic range."

•! 2. Implementation and operational issues/risks: "
–! e.g., for detectors requirements for cooling, high voltage, required materials/process 

improvements, red leak/out of band response."

•! 3. Cost/time to TRL-6 and leverage:  "
–! What is the current TRL level, what NASA funding and time is required to reach TRL6,"
–! What is the degree of difficulty of these developments "

•! for example using the DOD Degree of Difficulty scale"

–! What non-NASA astrophysics division resources can be brought to bear to leverage the 
development>"
•! significant industrial involvement and prior investments, cross-division, cross-agency, private-sector investments 

and applications, existing infrastructure and institutional investment"

•! 4. Relevance to and impact on possible future missions: "
–! Large 4-8 m UVOIR general astrophysics missions, Far IR/Sub mm missions"
–! Joint Exoplanet imaging missions & required compatibility technologies"
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Cosmic Origins Technology Priorities"

•! !"#$"#%&'()'':;<;$=;>:?@A@BC;<$DE;$ *#++#$,'-,./0#,1 F$D?G$
DE;$=:;$:CB:;<=$HEC@EC=I$J@E$CKK;GCD=;$C?L;<=K;?=M$#;$HE@LCG;$
HE;ACKC?DEI$E@DGKDH<$J@E$=:;<;$=;>:?@A@BC;<M&

•! !"#$"#%&'2)'':;<;$=;>:?@A@BC;<$DE;$ *#++#$,'-,3.,4#,1 M$-@K;$
;DEAI$C?L;<=K;?=$<:@NAG$O;$>@?<CG;E;G$>@?P?B;?=$NH@?$
<>C;?>;$D?G$KC<<C@?$HEC@ECPQDP@?M$&

•! !"#$"#%&'5)'7D?I$C?=;E;<P?B$D?G$CKH@E=D?=$=;>:?@A@BC;<$KDI$
O;$E;A;LD?=$=@$JN=NE;$3"$KC<<C@?<M$-@K;$>D?$O;$G;L;A@H;G$
@?>;$KC<<C@?$>:@C>;<$DE;$KDG;M$"=:;E<$KDI$O;$G;L;A@H;G$D<$
HDE=$@J$@=:;E$D>PLCP;<$D?G$HE@BEDK<M$-PAA$@=:;E<$KDI$O;$D=$
;DEAI$<=DB;<$@J$E;DGC?;<<$D?G$E;RNCE;$K@E;$OD<C>$E;<;DE>:$
<NHH@E=$=@$KD=NE;M$4;L;A$S$=;>:?@A@BC;<$T;E;$?@=$C?>ANG;G$C?$
'DOA;$SM&
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UVOIR Technologies"
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UVOIR Technologies"
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Technology Matrix (example)"
Name of 
technology! High QE, large format photon-counting UV large-format detectors!
Priority! 1 – Detectors are at the heart of every instrument. Detector performance shortfalls can 

only be made up with high cost increases in aperture.!
Roadmap!
 ! 1)! 2011-2014: Investigate 2-4 technological approaches. Goal is demonstration of high 

QE, low/moderate noise, and moderate/high (scaleable) pixel counts!
2)! 2015: Downselect to 2 promising technologies that have reached TRL3-4.!
3)! 2015-2019:  Invest in 2 technologies that provide best capabilities for UV imaging 

and UV spectroscopy. Scale to high/very high pixel counts. Develop low power 
versions of required electronics.!
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Enhancement of Science Impact of Next 
Generation UV Technologies"
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Far IR/Sub mm Technologies"
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Far IR/Sub mm Technologies"
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4. Burning Issues"



3 (Provocative?) Observations"

•! We (the space astrophysics community as a 
whole) need to deal with the coming crisis"

•! We need to change the cost paradigm"

•! We need to invest (more) in technology"
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The Coming Crisis"

•! The next logical stage is flagships "
•! Flagships = 10B$"
•! NASA Astrophysics Budget = 1B$/yr"
•! 50% to Flagships " 1 Flagship/20 years"
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The Coming Crisis"

May the odds be ever !
in your favor…!
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Choices – Word Association Test"
Large!
•!Photon-starved"
•!Brute-force"

•!Diffraction limit"
•!Detailed study"

•!General"

•!Sub-optimized"
•!Low technology risk"

•!Old technology"
•!Inertia, Inflexible"

•!20-30 years"
•!Monolithic"

Small!
•!Wide-field"
•!Innovation driven"

•!Highly-multiplexed"
•!Discovery"

•!Focussed"
•!Optimized"

•!Higher technology risk"
•!New technology"

•!Responsive, flexible"

•!5-15 years"
•!Synergistic"
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Purpose of this working meeting"

•! For the purpose of this meeting, a probe is ~1-2 meter 
aperture, 1-2 instruments (definition of instrument is loose)"

•! Can a scientifically compelling case be made for one or more 
cosmic origins probes?"
–! How many objectives from 2012 UVO RFI can be accomplished by 

one or more probes?"
–! Can science objectives from NWHN, not submitted to RFI, also be 

accomplished with one or more probes?"

•! Can a scientifically compelling case be made for a linked series 
of astrophysics probes?"

•! If yes, are there technology investments that enable 
scientifically compelling probe or probes?"
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